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Claims 

We claim: 

1 . A digital phased array for receiving electromagnetic energy, comprising: 
a plurality of antenna elements capable of receiving electromagnetic energy; and 
a receive module coupled to each of the pluf ality of antenna elements, the receive module 

including an analog to digital converter controlled by a clock signal generated by 
clock circuitry coupled to a delay circuit; 
wherein each delay circuit delays a/base clock signal from the clock circuitry by a desired 

o 7/ 

* § 10 amount so that a receive direction of the plurality of antenna elements may be 

m I 

i= : electronically controlled? 

A 

2. The digital phased array ^claim 1, wherein each analog to digital converter has a 
multiple bit digital value as an output. 



I 15 



3. The digital phased ajray of claim 1, wherein each analog to digital converter is a single 
bit digital value as an output. 



4. The digital pt^ised array of claim 1, further comprising multiple data conversion circuits 
20 coupled to receive the output of each analog to digital converter at a first clock rate and having 
an output signal atfa second clock rate. 
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5. The digital phased array of claim 4, wherein the first clock rate matches the base clock 
signal and the second clock rate is slower than the first elock rate. 

6. The digital phased array of claim 1, wherein sp. amount of delay provided by each delay 
circuit is programmable. 

7. The digital phased array of claim 6, wherein the plurality of antenna elements are grouped 
into sets of antenna elements and wherein each antenna element within the same set has the same 
amount of programmed delay. 

8. The digital phased array of clayh 1, wherpin the electromagnetic energy is radio- 
frequency energy. 

9. A digital phased arra^receive-path module, comprising: 
an analog to digital converter having an analog input signal representative of received 

electromagnetic energy; 

clock circuitry having a clock output signal; and 
II 

time delay circuitry coupled to the clock output signal to provide a relative delay to the 

clock^utput signal, the delayed clock output signal being coupled to the analog to 
digital converter to control a sampling rate for the analog to digital converter. 




10. The digital phased array receive-path module of claim 9, wherein the analog to digital 
converter h&s^a multiple bit digital value as an output. 
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1 1 . The digital phased array receive-path module of claim 9/ wherein the analog to digital 
converter is a single bit digital value as an output. 



5 12. The digital phased array receive-path module of cjaim 9, wherein an amount of delay 
provided by the delay circuit is programmable. 



13. The digital phased array receive-path module of claim 12, wherein the delay circuit is. 

/ 

controlled by a digital word provided by a control register that may be loaded with a desired 
10 delay value. 





14. The digital phased array receive-path module of claim 9, further comprising 



synchronization circuitry coupled to the analog to digital converter to receive and then output 

iv^rter at ; 



data from the analog to digital con 1 




an output clock rate. 



15. The digital phased array receive-path module of claim 14, wherein the output clock rate 
for the synchronization circ^kry matches the clock signal controlling the analog to digital 



converter. 




20 16. The digital phased array receive-path module of claim 9, wherein the electromagnetic 

, *// 

energy is radio-frequency energy. 
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17. 



A digital phased array for transmitting electromagnetic energy, comprising: 
a plurality of antenna elements capable of transmitting electromagnetic energy; and 
a transmit module coupled to each of the plurality/Of antenna elements, the transmit 
module including a digital to analog converter controlled by a clock signal 
generated by clock circuitry coupled tp a delay circuit; 
wherein each delay circuit delays a base dpck signal from the clock circuitry by a desired 
amount so that a transmit direction of the plurality of antenna elements may be 
electronically controlled. 




10 18. The digital phased array of claim f7, wherein each digital to analog converter has a 
multiple bit digital value as an input. 



19. The digital phased array of^claim 17, wherein each digital to analog converter is a single 
bit digital value as an input. 

15 

20. The digital phased array of claim 17, further comprising multiple data conversion circuits 
coupled to provide an outmit signal to each analog to digital converter at a first clock rate and 
having an input signal at^i second clock rate. 




20 21. The digital phased array of claim 20, wherein the first clock rate matches the base clock 
signal and the second clock rate is slower than the first clock rate. 
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22. The digital phased array of claim 17, wherein an amouj^f delay provided by each delay 
circuit is programmable. 



are 



23. The digital phased array of claim 22, wherein the plurality of antenna elements 
5 grouped into sets of antenna elements and wherein each antenna element within the same set has 
the same amount of programmed delay. 



24. The digital phased array of claim 17, wherein the electromagnetic energy is radio- 
frequency energy. 



25. 



A digital phased array transmit-path module, comprising: 

/ 

a digital to analog converter havmg a digital input signal representative of 
electromagnetic energVt/be transmitted; 

I 

clock circuitry having a cloc^output signal; and 

programmable time delay^/fcircuitry coupled to the clock output signal to provide a relative 
delay to the clock output signal, the delayed clock output signal being coupled to 

... // 

the digital to anatlog converter to control a operational rate for the digital to analog 



converter. 



20 26. The digital phasera array transmit-path module of claim 25, wherein the digital to analog 
converter has a multiple bit digital value as an output. 
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27. The digital phased array transmit-path module of claptn 25, wherein the digital to analog 
converter is a single bit digital value as an output. 

28. The digital phased array transmit-path module <pf claim 25, wherein an amount of delay 
5 provided by the delay circuit is programmable. 



10 




29. The digital phased array transmit-path nodule of claim 28, wherein the delay circuit is 
controlled by a digital word provided by a control register that may be loaded with a desired 
delay value. 



30. The digital phased array transmit-'path module of claim 25, further comprising 
synchronization circuitry coupled to the digital to analog converter to receive and then output 
data to the digital to analog converterAt an output clock rate. 



15 31. The digital phased array transmit-path module of claim 30, wherein the output clock rate 
for the synchronization circuitrj/matches the clock signal controlling the digital to analog 



converter. 



32. The digital phased array transmit-path module of claim 25, wherein the electromagnetic 
20 energy is radio-frequency energy . 
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33. A digital phased array for receiving and transmittmg^lectromagnetic energy, comprising: 
a plurality of antenna elements capable of receiving and transmitting electromagnetic 

energy; 

a receive module coupled to each of the plurality of antenna elements, each receive 
5 module including an analog to digital converter controlled by a clock signal 

generated by clock circuitry coupled to a programmable delay circuit, wherein 
each programmable delay circuit/ delays a base clock signal from the clock 
circuitry by a desired amoiuU^that a receive direction of the plurality of antenna 
elements may be electronically controlled; and 
10 a transmit module coupled to ea^h of the plurality of antenna elements, each transmit 

^ module including a digital to analog converter controlled by a clock signal 

i n 

generated by clock circuitry coupled to a programmable delay circuit, wherein 
each programmaM^delay circuit delays a base clock signal from the clock 
circuitry by a desired amount so that a transmit direction of the plurality of 

34. The digital phased jirray of claim 33, wherein the electromagnetic energy is radio 
frequency energy. 



20 35. A digital phased array transmit/receive module, comprising: 

an analog tp^igital converter having an analog input signal representative of received 
electromagnetic energy; 
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a digital to analog converter having a digital input^ignal representative of 

electromagnetic energy to be transmitted; 
clock circuitry having a clock output signalled 

programmable time delay circuitry coupled to the clock output signal to provide a relative 
delay to the clock output signal} the delayed clock output signal being coupled to 
the analog to digital convepr^r to control a sampling_rate/or the analog to digital 
converter and being coupled to the digital to analog converter to control a 
oper ational rate for theydigital to analog converter. t ^ ^ 



10 36. The digital phased array pf claim 35, wherein the electromagnetic energy is radio 
frequency energy. 



37. The digital phase^'array of claim 35, wherein the programmable delay circuitry 
comprises a first time deky circuit having a clock output for the analog to digital converter and a 
15 second time delay circuit having a clock output for the digital to analog converter. 



20 



38. The digital/phased array of claim 35, wherein the programmable delay circuitry 
comprises a single time delay circuit having a single clock output for both the analog to digital 
converter and tine digital to analog converter. 

39. The^ digital phased array of claim 35, wherein the programmable delay circuitry 



/ 



comprises digitally programmable micro-electromechanical switch (MEMS) phase shifters. 
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40. The digital phased array of claim 35, wherein the programmable delay circuitry 
comprises digitally programmable diode phase shifters. 

41 . The digital phased array of claim 35, wherein the prcfgrammable delay circuitry 
5 comprises digitally programmable field effect transistor^FET) switching devices. 

42. A method for receiving electromagnetic energy, comprising: 
receiving analog electromagnetic energy with a plurality of antenna elements; 
converting analog information fror^&e plurality of antenna elements to digital 

10 information utilizing an an/log to digital converters associated with the antenna 

elements; and 

controlling each analog to di'gifal converter with a clock signal generated by clock 

circuitry coupled to a delay circuit so that each delay circuit delays a base clock 
signal from the^lc^ck circuitry by a desired amount so that a receive direction of 
1 5 the plurality of antenna elements may be electronically controlled. 



43. The method of cl^fn 42, wherein each analog to digital converter has a multiple bit 
digital value as an output 



20 44. The methocybf claim 42, wherein each analog to digital converter has a single bit digital 
value as an output. 
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45. The method of claim 42, wherein an amount of delay provided byAQch delay circuit is 
programmable. 

46. The method of claim 45, further comprising grouping the jgfturality of antenna elements 
5 into sets of antenna elements and setting the same amount of p^grammed delay for each antenna 

element within the same set. 

47. The method of claim 37, wherein the electromagnetic energy is radio-frequency energy. 



10 48. 



15 



A method for processing received electromagnetic energy, comprising: 
converting analog information representative of received electromagnetic energy to 

digital information utilizing atn analog to digital converter; 
generating a clock signal that includes a delay; and 



ii 



contr olling the sampling rate foythe analog to digital converter with the clock signal. 

49. The method of claim 48, wherein the analog to digital converter has a multiple bit digital 
value as an output. 



50. The method of claim 4y,ywherein the analog to digital converter has a single bit digital 
20 value as an output. 



5 1 . The method of clajm 48, further comprising programming the amount of delay included 
in the clock signal. 
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52. The method of claim 48, wherein the electromagneticyenergy is radio-frequency energy. 



53. 



10 
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A method for transmitting electromagnetic energy, comprising: 

converting digital information to analog information utilizing a plurality of digital to 

analog converters associated with a plurality of antenna elements; 
controlling each digital to analog converter with a clock signal generated by clock 

circuitry coupled to a delay circuit so that each delay circuit delays a base clock 
signal from the clock circuitw by a desired amount so that a transmit direction of 

1 

the plurality of antenna elements may be electronically controlled; and 

u 

transmitting electromagnetic energy in the transmit direction. 




54. The method of claim 53, wherein each digital to analog converter has a multiple bit 
digital value as an input. 

55. The method of claim/53, wherein each digital to analog converter has a single bit digital 
value as an input. 



56. The method of claim 53, wherein an amount of delay provided by each delay circuit is / 
20 programmable. 
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57. The method of claim 56, further comprising grouping the plurality of antenna elements 
into sets of antenna elements and setting the same amount of progr^nmed delay for each antenna 
element within the same set. 

5 58. The method of claim 53, wherein the electromagnetic energy is radio-frequency energy. 



59. 



10 
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A method for processing electromagnetic energy for transmission, comprising: 

i 

converting digital information representative ot electromagnetic energy for transmission 

ij 

to analog information utilizing a digifal to analog converter; 

// 

generating a clock signal that includes a delay; and 

// 

controlling the digital to analog converter with the clock signal. 




60. The method of claim 59, wherein tlje digital to analog converter has a multiple bit digital 
value as an input. 




61. The method of claim 59, wherein the digital to analog converter has a single bit digital 
value as an input. 




62. The method of claim 5p, further comprising programming the amount of delay included 
20 in the clock signal. 

63. The method of claim 59, wherein the electromagnetic energy is radio-frequency energy. 



/ 



30 



Atty. Dkt. No. RAYT:009 (case no. 37323) 



